Abstract. The almost 1 fb −1 of ep data collected by the H1 and ZEUS collider experiments at HERA allows for a precise determination of the proton's parton distribution functions (PDFs). Measurements used to constrain the PDFs -inclusive and jet cross sections, charm contribution to the F 2 proton structure function, F cc 2 -are presented herein. The measurement process itself includes cataloguing the sensitivity of the cross sections to the various sources of correlated systematic uncertainties. In the jet measurement, correlations of a statistical nature are also quantified and catalogued. These correlations provide a basis to combine measurements of the same physical observable across different time periods, experiments and measurement methodology. The subsequent PDF fitting procedure also takes into account such correlations. The resulting HERAPDF1.5 set based on inclusive data as well as PDF sets derived from inclusive plus charm data are presented togeteher with their predictions for pp cross sections at the LHC.
Introduction
The complete 1 fb −1 ep HERA data set included both electron and positron beams at 27.6 GeV and proton beams at 920, 820, 575 and 460 GeV. The lepton beam polarization 1 P e , ranged between -1/3 P e +1/3 including ensemble states of P e =0. The volume of data together with the rich mix of initial states provide tight constraints on different PDF sensitivities.
The H1 and ZEUS experiments housed at HERA typically measured the same cross sections over time using different experimental methods. These measurements when combined by using a χ 2 minimization method [1] which takes into account correlations between different sources of systematic uncertainty, results in significant improvements in both statistical as well as systematic errors. The combined cross sections form a well understood consistent data set. This allows its use as a constraint on the PDFs of a parametrized proton with the conventional χ 2 tolerance of Δχ 2 =1. 1402 measurements with 110 correlated sources of uncertainty are combined to 741 cross sections giving a χ 2 /ndf of 636.5/656. Figure 1 (a) shows the NC e + p reduced cross section as a function of Q 2 for six x bins. Shown are the individual H1 and ZEUS measurements as well as the combined measurement. As can be seen, the precision of the measurement improves significantly after the combination. The overall precision of the NC cross sections is 2% for 3 < Q 2 < 500 GeV 2 and reaches 1% for 20 < Q 2 < 100 GeV 2 . Figure 1 (b) shows the CC e + p reduced cross section as a function of x for at fixed Q 2 values.
The combined inclusive data from HERA I is used as the sole data input to a QCD analysis to produce the HERAPDF1.0 set. The evolution of the PDFs is done at NLO at the starting scale of Q 2 = 1.9 GeV 2 using the DGLAP evolution scheme [9] [10] [11] [12] . The data is restricted to Q 2 3.5 GeV 2 . Subsequently a QCD analysis is performed using the combined inclusive data from HERA I as well as from high Q 2 HERA II to produce the HERAPDF1.5 set. In the QCD analysis, the evolution of the PDFs is done at NLO Jet cross sections by ZEUS [6] in the photoproduction regime and by H1 in DIS [5] are shown in Figure 3 (a) and 3(b) respectively. The ZEUS measurement takes into consideration different jet algorithms in an environment close to that of pp collisions. H1's measurement corresponds to jet, dijet and trijet cross sections and uses an unfolding matrix which quantifies the statistical correlations between the measurement bins, thus providing an extra constraint for the PDF fits.
Charm measurements from H1 and ZEUS using different measurement techniques -D meson production, semi-leptonic decays and inclusive track measurements -are combined to give the F cc 2 structure function. This is used together with the combined inclusive data to extract the PDFs. The PDF fit was found to be clearly sensitive to the charm quark mass parameter m model c when the charm data was included (Figure 4(b) ) in contrast to the case when only inclusive data was used (Figure 4 values, than at any arbitrarily chosen value, as shown for Z production in Figure 4 (c). In this way the inclusion of the charm cross section data in the PDF fits helps to reduce the uncertainties on the W and Z cross sections. 
Conclusion
Inclusive, jet and charm data have been measured at H1 and ZEUS. The inclusive and charm data have been combined and fitted into a parametrized proton to give precise PDFs. The final HERA PDFs are expected to highly impact our understanding of the proton and its associated pp cross sectioins at the LHC.
